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Abstract:
I

.t. Evaluation was made on reconstituted natural mica paper

made by the following manufacturers s
,

1. Mica Insulator and 8amica Corporation, Division and a

subsidiazy, respective~, of Minnesota Mining and Manufacturing Co.

0.0015 and 00002 inch thick capacitor Isomica "type CIn was

used to determine the feasibility of employing this material as a

capacitor dielectric. Inquarter~ reports 1 through 11, inclusive~

these materials were coded as manufacturer nc".

2 0 8-1253 Mica Mat insulation was supplied by the General

... Electric Comparv on a developnental basis and future commercial

availability will depend on the degree of interest in and the

a.pplicability of this material. In quarterly reports 1 through

11, inclusive, this material. was coded as manufacturer nEtt.

3. Farnum Manufa.cturing Co's. ttFarnumica", coded in reports

1 through 11, inclusive as manufacturer nBn.

4"0 Mica Coated Products Co. impregnated mica paper coded in

reports 1 through 11, inclusive as manufacturer ItG".

Pilot run quani ties were made only with "Is omica" type CI

reconstituted natural mica paper.

Purpos e :

ao To evaluate the mechanical and electrical characteristics

- of reconstituted mica paper md to dete~e the feasibilit;y

Page 1
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",.
of employing it as a capacitor dielectric.

b. To prepare preproduction samples of reconstituted

natural mica paper capacitors for qualification tests in

accordance with Military' specification Mil-C -51 covering

mica dielectric capacitors.

c. To establish pilot facilities for the production of

capacitors employing reconstituted natural mica as a

dielectric.

DiscussiC;>nt

The cantract requires the production and test of a limited

"Iscn1ca" ~~e CI reconst~tute~ natural mica paper vereU8

natur8l Indian -RubyH'Ucovite Idea.. . - -.

1. '!here is' no apparent change in thickness ot natural

mica under the heat compression eyel, (described be101t')...- ..

2. .Isomica~. type aI. reconstituted naturallllica paper,

when subjected to a pressure of 1000 lba. per square

:inch of active area and cured under pressure, for
.-

page 2

- -

run p'f the ro11ing capacitors, per Mil-C-SA.
..

]. capacitor Type CM-30-C 332 K 3300 MMF

2. capacitor Type CM-70-C 101 J 100 MMF

.1 capacitor Type CM-BO-C 101 J 100 MMF

4. Capacitor '1)pe CM-BO-C 2I2J 2000 MMF

Compressiblli t".
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CH 30 3300MMFr

,Ieven hour. at 570°F will appreciablY' decrea.e

in thicmes.. After c0n8iderable experim8ntation,

a. .hown in previou. quarterlY' report., it wacs

tound that a pre..ure of 1000 pound. per equare

inch (of active area) at temperature of 570°F tor

a period of .even hours yielded best re.ul t. 0

Sequence of operati~

1. Slice "Isomioa" in strips (2 9/31" x 12").

Punoh "Iladoa" to .ize (19/32 x'l 25/32, three gang).

Stack 12 piece. of reoonlltituted natural mica and
13 piece. of alum!n~ foil.

Oompre.. three ganged section in pre..1Dg cl8mp.

Pre-heat to~ Ja period ot 16 hour. at 85°0.

Remo~ M7la~ t/tape \and natural backiDg mica.
I. . I

SLice th,..e pnged .ection. into individual .ection.
(19/32 :: 19/32).

I,'

Plaoe individual .ection. between two flat _tal
plate., heat.!to a t8mperature of $700]' IZ1dapp~
pree.ure ot' 1000 pounde per aquare inch of acti V8
area (ot one plate) per .ection tor a period of
.even hour..

9. TurD up alumina toil.

10. Te.t indivi~ual .ection. tor breakdown at lSOO vnc,
capacitance and insu1atian reeinance.

11. Match individual .eotions back. to back.

page :3
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OM 70 100MMF

Sequence of operation

1. Slice stripSto (3/4" x 1/2") (reconstituted natural mica).

20 Out aluminum foil (1/4" width) into length of 14" for
left side and 14 1/2" for right side.

30 Slice coppel foil into strip.S'(3/4" x 6").

40 Slice striminto tabs (3/4" x 1/2").

,.. Remove burrs from edge of copper tabs by using steel wool.

60- Spot weld aluminum foil onto copper tab (extend aluminum
foil 3/8" over copper tabs).

...

7. stack sections (20 active plates, 2 pieces of .002
reconstituted natural mica per plate) use four pieces
for 'backing, two on each end of section. Pla'ee Mylar
tape around section to hold firm. See sketch below.

n...,.. ",.. , '\ '\ ,..,.., ,'\..." '\ '\'\.
"""'\,'\. '\ '" \., """',\. '\ \1

"''\, '\, '" ",\.'\ \.\. '\ \. ""\.\I

1\\.\\.\\.\\.\.\.\.\\\.\\.\.\.\\.\.\.1.

8. Pre-heat sections -inpressing clamp for~6 hours 85°0).

9. Remove Mylar tape.

10. Place sections. into pressure jigs.

110 Press sections, make sure to maintain constant pressure
especially during the first forty minutes, and the last
forty minutes of the pressing cycle, (temperature is
pre-set at 5700F)0

12. Remove sections from pressure jigs.

page 6
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13. 'lbe oxidation i8 removed fran the copper tabs. .
.. 14. Copper tabs are then Bolder dipped using 25% resin

and 75% alcohQI flux.,

15. capacity, insulation resistance, powe ", -.
and breakdown voltage art. taken and data recorded
of each section.

16. ThOlSe sections passing the tests listed in filS ' " +.

are matched for capcity and ten Nctions are
801dered in series (using insulation between
sectione) am..- tinned copper tabs are soldered
to the first and last sections.

17. The ten soldered cured sections .are,.p:t.aced within
. a braes clamp and a screw (30,32-19) is tightened

so as tc hold . sections under pressure.

18. Solder the tinned copper tabs to the terminal screwe.

;0. I? The unit is drie4 at (85°C for 16 hours).,-

r'; 20. The unit i8 then immersed into liquid wax, removed,"

allowed to dry at room temperature and redipped as
many times as it takes to acquire a heavy coating
of wax.

21., The unit is placed into a CM70 case.

22. The unite are then encapsulated with a high temperature
wax compound.

23. Check for capacitance, insulation re8utance, Q and
voltage breakdown.

24. Marking per Mn-c-5 character C.,

, 5. Teet for qualification appro_l.



Haterials reqUired tor the manufacture of .CM70 lOOMKFusing
reconstituted mica paper a8 ad ielectric.

..

- II'-- --

Mater1&l Description Amount Req.. Per Piecee Req. 1)er
I},OOOCondens8r8 l()OO Condenaera

"

Reconstituted Mica ;

.002 x 1/2" x 314" 31 pounds 440,000

Aluminum Foil
(.0005 x 1/4" x 14 1/2") 7 ounces 2,000

Copper Foil
.,

(.002 x 3/4" x l/U) '6.8 pound8 40,000

tamicoid
"

(.01 x 15/16" x 1/2") 297 toet 7,000

tamicoid
(.01 x 1 1/16" x 3/4") 380 teet 6,000

'.

L&micoid
(.01 x 1 1/8 x 1/2) 87 teet 2,000

10-.32 Square Head Screw
1.3032-19 10.5 pound8 1,000

Brass Clamp
43.5 pounds13906-1 1,000

Braes Plate
13909-3 13.5 pounda 1,000

Coer Terminal
(.005 x 1/4 x 2 1/2) 2.pounds 2,000
113107

Mieamold CM70 C&se
15008 125 pound8 1,000

Bras. Eyelet 1301.5-35 6.9 ounce. 4,000

10-32 BraSil Nut 13026-17 13.5 pounds 4,000

W&sh8r1.3223-.34 l 85 pd. 6,000

Lock Washers 1.3027 i3 ounce. 2,000

ke11te Vam18h 1.3016-6.3 vary

Weopren\ Washere 11&302-6 8' ounce. 2,000

wax Filled 50 pounda
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OM 80 100MMF

Sequence of operation

10 Slice etripe to (1 1/8 x 1 1/8) reconstituted natural mica.

20 Out aluminum foil (00005 x 1/8 width) into length of (12").

30 Slice copper foil (0002 thick)int( IItrip. (1 1/4" x 6").

4. Slice copper strips into tabs (1 1/4" x 7/811).

5. Remove burrs from the edge of the copper tabs.

6. Spot weld aluminum foil onto copper tabs (extend
aluminum foil 9/16 over copper tab).

7. Stack eectionll(11 active plates, 3 pieces of .002
reconetitutednaturalmica per plate)0 Place Mylar
tape around section to hold firmo See sketch below.

'\'\.'\ '\
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1\\\\.\.\.\\.\.\.\\\\\.\\\.'4

" \. \. '\ \. \. \. \. \. \. \. \. \. \. \. \. \. \. \I

8. Pre-heat sections in preelling clamp (85°0 for 16 hours).

9. Remove Mylar tape 0

10. Place l!Iection8onto prel!leurejigo

11. pree. section!! for eeven hour!!~ 1000 1b/souare inch of

activ rea being eure to maintain const.nt preesure

eS}jecia1ly during the firet forty minutes and the last

forty minutes of the pressing cycle (temperature ie

pre-eet at 5700p').

12. RemoV8 section8 from pres8ure jig.

page 20



13. Oxidation is removed from copper tabs.

14. O'Qpper tabs are then soldered dipped ua1ng 25% resin
and 75% alcohol flux.

15. '~,ry .ectione in oven at (85°C for 16 hours).

16. capacity, insulation resistance, dissipation factor,
Q and breakdown voltage are taken and data recorded
of each section.

11. 1hose sectionB passing the test listed in 116 are
matched for capacity and eighteen are soldered in
.eries (using insulation between sections). A
(.002 x 1" x 3 112ft) copper tab i8 soldered to ~h.
ertd section. .,

lB. The section is placed into aaM 80 ca.e and a suitable
spring clamp hol<i8 the section rirm and makes contact
to one end bell. . The copper tab is c,o~.cted to the
othe~. end bell. (See drawing on page 23).

19. The assembled unit i8 dried at (85°0 for 16 hours)
and filled with a high temperature black insulation
compound.

20. Marking per Mil-C-5 character C.

21. .Teat for qU&lification approval.

am ELEVENTHQUAR'lERLYREPCRT FOR QUALIFICATION TEST REULTS

page 21
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Material. Jr8CJ.Uired for the manufacture of OM 80 100 MMF
using reconstituted mica paper.. a dielectric. '

...

~age 22

---

Material De.cription Amount Required Pieces Required
per JlOOOcondell8ers . per lOOOcondensera

Reconetitut.1 mica
(.002 x 1 1/8 x 1 1/8) 1,0 pounds ,666,000

Alumi1'\UII1foil .t.
(.OOl$ x 7/8 x 12") 1.4 pounds 2,000

Oopper foil
(.002 x 7/8 x 1 1/4) 68 pounds 72,000

tAmicoid
(.01.% 1 1/4 x 2")' ,00 feet 3,000 .

tamicoid
(.91 xl 3/16 xl 1/2) 2800 feet 22,000

,
,

.-
Oopper foil . ,
(.002 x 1 7/8 x 3 1/2) 3 pounds 1,000."

.m. 80 c&.e
A"'''8mb1y 1,000

wax filled Vary
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CM 80 2000 MMF

Sequence of operation

1. Slice strips into (1 3/16" x 1 1/4")reconstitutedmica.

20 Cut aluminur..foil (15/16" width) into length of 54 1/4").,

3. Slice copper foil (.002 thick) into strips (15/16" x 6").

4. Slice copper stripsinto tabs (15/16" x 1 1/4").

5. Remove burrs from edge of copper tabs.

6. spot weld aluminum foil onto copper tabs (extend 'aluminum
foil 5/8" over copper tab.) ,

7. Stack section (47 active platt:: ~... 002 reconstituted mica
per plate). Place Mylar tape arouna section to hold firm..
See sketch below.

~\\\\\\\\\\\\\\\\\\\\\\\~

1\\\ \ \ \\ \ \\ \\ \\ \\ \\ \ \\ \\'

1\\\\\ \\ \\ \\\\\ \\ \\) \\ \ \ \L

t
8. Pre-heat sections in pressure clamp at (85°C for 16 hours).

9. Remove Mylar tape.

10.

,\
",\

Place sections onto pressing jig.

Press sections at 100cr lb/sq inch of active area, making
sure to maintain constant pressure especially during the
first forty minutes and the last forty minutes of the
pressing cycle. (Temperature at 570°F.)

II.

page 24
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12. Remove sections from pressing jig.

13. Oxidation is removed from copper tabs.

14. Copper tabs are then solder dipped using 2.5%resin and
1.5%alcohol flux.

1.5. Dry sections in oven at (8.5°C for 16 hours).

16. Capacity, insulation resistance, dissipation factor, Q
and breakdown voltage are taken and data recorded of
each section.

11. Those sections passing the test listed in #16 are matched
for capacity, and 13 soldered in series (using insulation
between sections). A (.002 X 15/1611 x 3 1/2") copper tab
is soldered to the last section.

18. The section is placed into a eM 80 case and a sui table
spring clamp holds the sections fim and makes contact
to one end bell. The copper tab is connected to the
other end bell. (See the drawing on page 21).

19. The assembled unit is dried at (85°C for 16 hours) and
filled with a high temperature black insulation compound.

20. M.arkingpel MIL '1-5 character c.

21. Test for qualification approval.

SEE ELEVENTH QUARTERLYHEPOR!' FOR QUALIFICATION TEST RESULTS

"

Page 2S
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Material required far the manufacturer of OM 80 2000 MMF WIling

reconstituted mica paper as a dielectric.

p~. 26

Material description Amount required , Pieces requiret\

per 1000 condensers per 1000 conduu.er.

RecolUltitutedmica ,
(.002 x 13/16" x 1 1/4") 180 pounds 1663,000

.4'lum1num foil

(,005 x 15/16" xl llk-) 4.6 P01U1ds 2,000

Copper toil

(.002 x 15/16" x 1 1/2") 50 pound. 52,000

L&m1coid, .

(.01 x 1 1/4" :x 2") 340 teet
:

2,000

tamicoid

(.01 x 1 1/4" x 1 5/8") 2175 teet 15,000

Copper toil .0.. "

(.002 x 15/16 x 3 1/2) 3.2 pounde 1,000

"OM 80 case 1,000 .

".emb1,.
,

wax filled vary
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COnc1uaion81

All of the pilot run quanitiea dea~~~ed below were made with C1

reconatituted natural mica paper, "1somica" type.

The fifty eM 30 3300MMFcapacitora met all the requirements when

tested per Table V of Mil~-5a..

'The tifteen OM 70 100MMFcapacitors met all. the requirements when

teated per Table V of Mu-c-5A.

The eight eM 80 lOOMMFcapacitors did not meet all the requirements

ah~ lin Table V of Mil-C-5A..

They tailed temperature Rise Test and immersion. If the requirement

i"

"

f~r ~mperature rille ia ~banged to 2 amp. at 00./2.7 amp. at 3!IJ~ .91 amp.

at .3MC.and, .27 amp. at .00. they will paas the temperature Rise Teats .,s." -.,

,noted in Table 1 ot the 'Eleventh Quarterly Report.

The CM60 2000MMFdid not pa.. the MU-c-5A. .pecitication. It i. not

feuible to make the 2000MMF10,000 V"P~ capacitor uaing "1aomica" t~:OI

reconstituted natural mica paper J .002:, 't thick) a. a dielectric. The rea80ns

are eta tad in quarterly report nuniber 11.

, ;:,...
<,

Recommendation and Future Work:
..

n is reccmmended that wor~ on methods or assembly,be investigated to",.'.

reduce temperature rise, also better methods of sealing ahould be investigated

page 28
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/

eo as to pas!! immersion cycling on CM 80 lOOMMF and OM80 .200C>1tiF.

capacitors.

Future..;work on e1lvering of mica paper is indicated. In order- ~--:-=~ ,

to accomplish this the mica paper ehould be improved and a epecial

s11.vering compound developed for this pwpoeEi. Vacuum depo'lition

of eilver on mica paper mat may be pos8ible.

page 29
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IDENTIFIcATICDN OF PERSONNEL
<; .

J. SIPOVIC
A. tUNCHICK

J. SIPOVIC
W. SHEA.
R. KONZEI11AN

, A. tUNCHIcK

.
J. SIPOVIC ,"

I w. StEA.
11.. tUNCHICK

FIRST & SBJONDQUARTER

.~OJBJT ENGINE8R
pROJ1i: T .&IMIN1STRATOR

'1HmD QUARTER

PROJDJT ENGmEER , '

LABORATORYTJJ:;HNICIAN
IABCRATCRY MHNIGIAN
PR~T ADM1NIS'lRATOR

FOURTH QUARmR
I

PRom:t EN":rNlmR
IAa:mATORY'1!tHNICIAN
mOJECT AIMINIS'l'RA'roR

nrrH, SIXTH&SEVENTHQUARTJ!R

J. S1POVIC
W;SHEA.

. ,S.. KLEIN

w. sa
S. KLEIN
M.. RODICSfi

J ~ BC182s. KLEIN
M. RODICSKY
,s. KENDI

H. BRANDI
,It. JmGA.t
A. RIVERrA
J. BCMmR

Hey RODICSKY
s. KlNDI

J

PROJECT 'ENGINEIR
IABClRATCRYTmHNICIAN
PROJmT ADMINIS'IRATCIt

". 1

BmHTH QUARTER

mOJ1!£T ENG:mE8R
PROJEriT mtU1STRATat
tABCN.TCBY ASSISTANT

NINTH & mNTH qUUTBR

PROJ!X:T ENGINEER
PROJB::T ADMINISTRATOR
IABCRATORYASS!sTAN'r

¥~TORY ASSI~AN'l'

ELZVINTH 'QVJ.R'l'ER

CHIEF BNVIRCMBN'AL tAB.
LABc&TORY MHNICJAH
LABOR!TORYmHN1C!AN
PROJ!VT !NG:mBER & .AIttm1S~-roR
UOORATORYASSISTANT '

IAMtATORY ASSISTANT
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